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Technical Lesson 13 


POWER TRANSFORMERS 


You became acquainted with the principles underlying the alternating 
current transformer in your study of induction and its different 
characteristics. Before studying transformers it will be necessary 
for you to recall that which you learned in your study of self- 
induction, and it is suggested that you again go over the lesson 
dealing with that part of the work to refresh your memory in order 
that the fundamental action of the transformer may be thoroughly 
understood. 

The transformer comes into use when we wish to change a voltage of low 
value to one of higher value or to change high voltages to voltages of 
lov/er values. These changes may be accomplished in the coils of the 
transformer at high efficiency and without the aid of moving parts. 

First let us consider the construction of a simple transformer core, 
then the windings or coils and finally determine hov/ it works and the 
numerous uses we have for It in radio practice. 

THE SIMPLE TRANSF0m4ER 

A simple transformer can be made as follows: Upon a soft iron ring 
wind a few turns of ordinary rubber covered wire. Opposite to this 
v/inding and on the same rings wind a large number of turns of insu¬ 
lated fine wire as shovm in Figure 1. The first winding is called 
the primary winding and the second is called the secondary winding . 



In your work on electro-magnetic induction you learned that when 
current passes through a wire a magnetic field immediately expands 
about the wire, and that when this field cuts another wire an E,M.F. 
is at once induced in the second wire. If the second wire forms a 
closed circuit this induced E.M.F. produces a current which flows 
through the second closed wire. You also learned that, in order to 
produce this induced E,M.F, these magnetic lines of force, or the 
field, must be in a state of continual change. 
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Figure 2C 


Figure 2D 
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If it is a matter of causing these lines of force to vary, why not 
use alternating current which is constantly varying in strength from 
zero to maximum and then decreasing to zero, only to repeat the same 
operation over again a fraction of a second later but in the opposite 
direction* This is not only possible, but can be and is done as shown 
in Figure 2D* Here the conductor is stationary whereas the magnetic 
field is constantly changing about the conductor due to the in¬ 
creasing and decreasing nature of the alternating current supplied 
to the windings. An E.M.P. will be induced in wire by the chang¬ 
ing magnetic field although the wire does not move. The last method, 
then, is the one we will use in the transformers we are to employ in 
our radio circuits. 

Transformers are used in the commercial field to send electric current 
from one part of the country to another over high tension lines. This 
energy can be sent many miles with small loss by employing step-up 
transformers and then reduced to any desired voltage by a step-down 
bransfonner. Its use, therefore, is by no means confined to radio* 

The underlying principles, however, regarding the action of the com¬ 
mercial transformer and the types used in radio practice are the same. 

Returning now to the transfoimier shown in Figure 1, If an interrupted 
direct current is applied to the primary winding an E.M.P. will be in¬ 
duced in the secondary winding which will be considerably higher in 
voltage than that used to energize the primary winding providing more 
turns are wound on the secondary than the primary. 

The electromotive force Induced in the secondary winding depends upon 
the ratio of the turns in the two windings, primary "P" and secondary 
”S”, also on the rate this flux or field threading thro^lgh and expand¬ 
ing about the secondary winding is changed. 

Suppose the primary, ”F" of a transformer is wound with one hundred 
turns of number 14 or 16 B & S guage insulated copper wire. On the 
secondary, many thousands of turns of number 36 B & S insulated 
copper wire is wound. Now,by applying a voltage, say of 100 volts, 
to the primary winding, a potential of many thousand volts will be 
induced in the secondary winding. 

By making Improvements in this fxmdamental design of the transformer, 
but using the same principles, we can construct what is known as the 
induction coil, which was shown and explained in your lesson on electro¬ 
magnetic induction. The current in the primary of the induction coil 
can be Interrupted from thirty to one hundred times per second by proper 
adjustment of the vibrator arm ’*V” and the adjusting screw "AS”. The 
secondary of this induction coil is comprised of many thousand of turns 
of fine wire, whereas the primary is of comparatively few turns of 
coarse wire. Because of the high turns ratio of these windings the 
voltage Induced in the secondary is very high; so high, in fact, that 
although the secondary terminals may be separated by a large air gap 
the voltage will be great enough to break down the resistance of the 
Intervening air and "jump" across this air gap in the form of an elec¬ 
tric spark. 
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TYPES OF POWER TRANSFORMERS 

The symbol used to denote an iron core transformer Is shown in Pigxxre 
3 and will be used hereafter whenever a transformer of this type is 
shown in a circuit. 

Transformers may be classed as open core transformers and closed core 
transformers. The open core transformer is so called because the core 
does not provide a continuous magnetic path, or circuit, for the magnetic 
lines of force, i.e., the magnetic circuit, as provided by the iron core, 
is open. An open core transformer is shown diagramatically in Figure 4 
and a glance at this illustration will show that the magnetic 
force have a magnetic circuit only partly through iron, the remainder 
of their path being, perforce, through air. 
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Figure 4 

Compare this condition with that shown In Figure 5 whe^to is illustrated 
a closed core transformer. It at once becomes evident that, in 
type of core, the magnetic lines of force have a continuous, or closed 
magnetic path in which to establish themselves and, therefore, are not 

forced to take a path even partly in air. Hence a oToSpH 

former is one in which the iron core provides a continuous, or closed, 

magnetic circuit for the magnetic lines of force. 

The method of transformation of energy is indicated when the transfo^er 
is classed as a step-up transformer or as a step-down transformer. 
Transformers are designed as either constant 

current transformers. The induction coll described in the lesson 
on electro-magnetic induction is a good example of the open core trans- 
formL! This type of transformer is still used for certain V^poaes, 
but for radio wSk it has been superseded by the closed core type. The 
opL corrstep^up constant current transformer used in radio ivork is ^ 
shown in Figure 4 and 9, and it is very similar to the induction coll 
type of transformer just referred to. 

The iron core is built up of laminations in the form of many small soft 
iron wires cut to length and tied into a tight bimdle. This bundle o 
wires is then covered with insulating material, such as 
over which is wotmd the primary winding. The primary usually consists, 
of a comparatively few turns of heavy Insulated wire. 
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The closed core type is shown ls^simllar'^™o^the open core 

voltage step-up transformer. It reaction of the secondary on the 

transformer with the ®^°®Ptlon o , embrace and which will be 

primary due to the iron °°TLw°OTessL ?he voltage of the alternator 

^nSngri^sSlSS^%n current flow therein with its 
at?Ldant magnetic field, or flux. 
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This field now produces two effects simultaneously. Due to self- 
induction it begins to exert a back pressure, or counter E.M.P., in 
the primary windings, tending to prevent any more current flowing in 
the primary due to the pressure of the alternator. It also magnetizes 
the iron core on which the secondary is wound; this magnetic fliix in 
the core then passes through the windings of the secondary thereby in¬ 
ducing an E.M.P. In the secondary and the resulting Induced current 
will then flow in the secondary, if this circuit is closed. 

The Induced current now produced in the secondary is in a direction 
opposite to the current of the primary and it produces a magnetic field 
which opposes the field of the primary and thereby weakens it. As the 
core in this type of transformer provides a complete magnetic circuit 
for the field of the secondary, it Is clear that the magnetic field of 
the secondary^wlll react strongly upon the field of the primary. The 
strength of this secondary field will determine to what extent the 
primary field will be weakened, and when weakened the self-induction 
of the primary is reduced. When this self-induced field of the primary 
is weakened more current can flow in the primary, therefore, each in¬ 
crease in the secondary c\irrent causes an Increase in the primary 
current and the same cycle of effects as took place at the start 
begins over again. With these effects taking place over and over 
again the voltage of the transformer is maintained fairly constant 
throughout the period of use. 

A transformer having both the characteristics of the constant current 
and constant voltage transformer can be had if we provide an air gap 
which, while not as large as in the open core transformer, will provide 
an air space sufficient to allow a certain amount of magnetic leakage 
to take place. This can be done as is shown in Figure 6 by providing 
the core of the transformer with a magnetic leakage gap which will 
maintain the self-induction of the primary nearly constant under vary¬ 
ing loads placed on the secondary. 

The ratio of voltage in the secondary to that of the primary will be 
found to be nearly a direct ratio of the turns employed on each winding. 
For example, suppose the primary of the transformer of Figure 6 is com¬ 
posed of 200 turns of wire and the secondary has 2,000 turns; the volt¬ 
age of the secondary will be 2000^ 200, or ten times greater than the 
voltage applied at the primary terminals by the alternator. This can 
be put in equation form as follows: 

EMF of secondary tiirns of secondary 

EW of" pr3 mary " turns of primary 

The primary winding in a step-up transformer receives the low voltage 
from the exciting force, or alternator,-while the secondary winding 
delivers the high voltage induced therein by the action of the magnetic 
field produced by the current in the primary. 

In the step-down transformer the reverse condition exists; the high 
voltage is applied to the winding of the greater number of turns and 


Lesson 13 - sheet 6 


1*116 winding oonsis'fcing 

fensiorand tne high tension aides. 

_^ rl'tr^ 


the auto-trahspo^^^eir 


rt rt-M/s 4*5 seen to consist of 

Tlxe auto-transformer is a^own in Pig^e 



pigui*© 7 

separate primary and^secondary^windl^s.^J^^g^ g eoondaryeOlrc^^^^ 

So»M“f f "s;rs ”iS.”«. »•‘",f Krp?.“ 
-Sfi &3 S JSXXo?.|. ;|£| OP 

"^’"®^%urvo?ta^f transformation is large ^hos® types ol^^^ 

Ompfoylng IrOIeOf inreSloyed in circuits ' 

r.o-s^33 sr-toj j-roXs;4VX-: or.o.pp.« »-o^- 

iS,fr?~T.ir. 30 oolto 00 60 or 60 vol.o. 

„ 30 06O.O «P.J^.^ «S-;™riXl^olXM 

^«lHxi!“; 5 .“xrs xgn-” ».rfo “ 

i33r3.£x .o|.f“'isrirsXT 

H”i%ToSo??o;Ssr.r 3 is o. - 

voltage? TK - sheet 7 




Tr 

According to the equation E. = T,. Substituting our known values 
the equation becomes TTO = h, transposing, ^ TS x 110 or Es 

equals = 36.6. The secondary voltage, then is 36.6 volts. 

If the alternator were rahv^'blcomr^^'-primarf Ind'lhf IS t^JJS 

section of y,^°geoonaarv ^ The voltage^developed in the second- 

c^°S S-sa^^formulf as before, 

E 15 15 

I*, = %> Substituting, we have ife = transposing, E. = 5“ x 110 or 


1650 


E< - 


= 330« The secondary voltage^ then, is 330 volts* 

SHELL TYPE TRANSFORMER 


The shell type ^ransform^ls show in^Pigwe^S.^^The^colls of the 
transformer are first thoroughly impregnated with 

:p.r 

be a compov^ of paraffin, beeswax and rosin. 

of iron are used and, after ® ^“/i^lnated sections and rivets or 
eluded, pressure is "?2“them in place. Building the iron hom- 

Set^iraroS^" ^fansf^rmer windings provides a very complete circuit 

for the magnetic field* 

Transformers are also ®®P^°y®^ gq gnoy'^^namelyI^radio*frequency. These 
nating currents of frequency transformers, depend for their 

transformers, principles as do power transformers 

functioning upon encountered at radio frequencies, 

tSelr'^design ooLtruction differs greatly from that of power 

transformers * 

detail in a later lesson. 

The transformers s handledl^yet^transformers utilizing 

where such high power is not encountered. 
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TRANSFORMER LOSSES 



The losses in a transformer are due to the heat created by the current 
passing through the windings which is generally termed the I R 
(cxirr-ent squared times the resistance loss). In transformers handling 
high pov;er this heating effect may reach dangerous proportions, there¬ 
fore various methods are employed to prevent the heat from rising to a 
point where the windings will burn out. The iron losses include hys¬ 
teresis and eddy current losses. 


Oil, grease, water and air are aXl employed to o^pr,o?iner 

developed in the transformer. When water is employed as a cooling 
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Figure 9 


nPf^lum a cooling iack-et is used in which the water circulates around 
the windings without coming in actual contact with the ooils; tne hea 
iftSen ^ by the water and carried to the outside of the transformer 
case where it is radiated into the atmosphere. 


fhen oil is used to dissipate heat it circulates, by virtue of 
Lgltation, around the windings and is kept from coming in conta 
;he coils by the tape which covers the coils, 

rhon air is used, it is forced to circulate about the coils by a 
lisslpating the heat by keeping cool air continually 
'he windings of the transformer. Open core transformers o ^ 

;ilusSated in Figure 9 are generally designed for primary voltages 
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*■ fT.eauencles from 60 to 500 cycles, and second- 
°y^oltagf^°oril!oS to ?5,000 volts, approximately. 

A type of closed core wlth^the tefSml s’brought out 

tSpouinLulators on the same panel. 

^ wv»-! la filled with, a heavy 

The transforiner is the windings and also to 

Irease to prevent r^'^^r^ansfoS ?? in use. The panel contain- 
radiate the heat primary, secondary, and safety gap, 

ine the terminals of both the 
p^lvides a top which is screwed to the case. 

KO LOAD CURRENT 

ymen a power transformer Is ^^^eult and at^thirtime Lrrent is 
farmer is closed thro^h “econdary windings. Disconnect 

^irs^oS^ter^i-l^: Toweve^, and no current flows in the external 
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percentage of the current which is required by the transformer when 
It is on load. 

prom this it is seen the af a'’pro?e^tIvf" 

would be short circuited when on no load. 

1-1 j... -i-n miriH twe following facts when considering the 

It is well rnx^e transformer is primarily designed to change 

transformer. First.- The transformer is versa. Second.- 

the voltage from ^ cwpent induced in the secondary is 

The frequency ISimarv Third.- In radio communication 

the same as that flowing In the Pr^n^y. Third, in 
high potentials are necessary and the transrormer p 

of very ruLed in construction and will stand 

of moving parts. Fourth.- It i gg a i efficiently used on alter- 

comparatlvely hard usage. Pmh.- It i^^ost^ alternating 

natlng current circuits. Slrth. it necessary for this 

current to TmltaKe is increased in a step-up trans¬ 
work). Seventh.- Although the g . gj.gased, but is decreased to 

rSlghfexlent: ^Hthef^ords in the transformation of one voltage 

to a higher some power is lost. 

EXAMINATION - LESSON 13 
1. Of what use is a transformer? 

2 Describe a simple transformer. 

- fe>„r".s-.!srL2 v“VtS' 

n^e; in this case, is given to the output winding? 

4 Why are some types of power transformers immersed in oil? 

6. Draw a diagram of an open core step-up transformer. Explain its 
Operation. 

7. Describe a closed core transformer. 

8. HOW IS the ratio of voltage transformation of transformer.determined? 

9. What is an auto-transformer? 

10. What are the principal losses in a power transformer? 
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